An orthopaedic surgeon and a vascular surgeon jointly conducted 30 operations for thoracic outlet syndrome in 27 patients, having done the preoperative assessments in conjunction with a neurologist. Anterior scalenectomy was performed by the supraclavicular route except in one case where the infraclavicular route was used. The further surgical procedure was tailored to the abnormalities identified-i.e. resection of cervical rib or band, or medial scalenectomy. The first rib was spared. At median follow-up of 37 months (range 3-228) results were judged excellent or good on 26/30 sides (87%); on the three occasions when scalenectomy alone was performed, the results were only fair or poor. There were no major complications and no patient required reoperation. The longterm outcome in this series suggests that, with multidisciplinary assessment and two-surgeon operative treatment, good results can be obtained by the supraclavicular route without resection of the first rib.
INTRODUCTION
The term thoracic outlet syndrome (TOS) was first used in 1956 to describe a symptom complex that resulted from compression of the neurovascular structures where they leave the thoracic cage through its narrow upper aperture1.
Many surgical approaches to decompression have been tried but only the transaxillary and supraclavicular routes have stood the test of time2A. Good results have been reported in 26-100% of patients with TOS5'6 a huge variation that has been attributed to difficulties in patient selection, lack of reliable diagnostic tests, variable operative techniques, short-term follow-up, and a lack of standardization of definitions of success and failure5'6. Lately the trend has been towards a selective and tailored surgical approach via the supraclavicular route6'7. Here we report the long-term outcome of operations for TOS where a multidisciplinary approach was used. METHODS The operations were conducted over 20 years, from 1978 to 1998. Patients were referred either by general practitioners (63%) or by consultants in other specialties (37%). The surgical team for the combined approach was a consultant orthopaedic surgeon and a consultant vascular Departments of Orthopaedic Surgery, General Surgery and Neurology, King's Mill Centre for Healthcare Services (NHS Trust), Sutton-in-Ashfield NG17 4JL, UK Correspondence to: Dr D Sharan, 13B Rangaswamy Nagar II, Civil Aerodrome Post, Coimbatore-641014, Tamil-Nadu, India surgeon, who did their preoperative assessments independently. The cervical spine and chest were X-rayed, and, if cervical ribs were present, more detail was obtained from an oblique view. Nerve compression was assessed in each case by a consultant neurologist who, if necessary, performed electromyography or nerve conduction studies (17 patients). 6 patients had magnetic resonance imaging of the brachial plexus and cervical spine. Angiography was done in 2 patients to establish the cause of pulsatile swellings in the neck. One patient who presented with an acute axillary vein thrombosis had a venogram.
A supraclavicular route to the posterior triangle of neck was used in all but the patient with acute axillary vein thrombosis (due to an exostosis of the second rib, which was resected via an infraclavicular route). Soft tissues were handled by the vascular surgeon and the rib/band resection was done by the orthopaedic surgeon. The operative procedure has been described in detail elsewhere4'6'8. The only important differences were that the entire cervical rib was not resected, removal of just the middle segment being found to provide adequate decompression. The cervical rib was resected subperiosteally. The first rib was never resected. Omohyoid division and anterior scalenectomy were done in all cases, while middle scalenectomy was performed only if the scalenus medius was judged to be abnormal and to be compressing the neurovascular bundle.
The grading system (excellent, good, fair, poor) for patient evaluation was that proposed by Derkash et al. 9 . The results were recorded at 24 hours, 3-6 months, and at final follow-up visit, when the examination was done by an independent observer who had not previously been involved in management. An attempt was made to assess the preoperative and postoperative activity of the patient from employment and sports participation. Patients were asked whether they would choose surgery again for the amount of improvement they had obtained. RESULTS 27 patients (21 women, 6 men) with a median age of 29 years (range 18-63 years) were operated on. 3 patients (all women) underwent bilateral operations. The patients were divided into the following categories2'10: neurogenic, 24 patients; arterial, 5 patients; venous, 1 patient. In the neurogenic group, 3 patients had symptoms related to upper plexus compression while 21 had lower plexus symptoms. The presenting clinical features are shown in Table 1 .
The median duration of symptoms was 24 months (range 1-180). Long-term functional results did not seem to be influenced by the duration of symptoms before operation. Repetitive manual activity or exposure to vibrating tools was noted in 15 patients. 3 patients gave a history of injury to the neck. The symptoms were on the dominant side in 19 out of 30 sides. Both the patients who underwent anterior scalenectomy alone for upper plexus symptoms were found to have a 'double crush syndrome' and both underwent bilateral carpal tunnel decompression subsequently with an (2), rudimentary first rib (1) , and exostosis of 2nd rib (1) . One patient had an axillosubclavian aneurysm in association with a complete cervical rib which required resection and prosthetic grafting along with rib resection. The operating time ranged from 20 to 40 minutes, and the combined approach in the later cases usually took only 20 minutes. Median hospital stay was 3 days. The duration of follow-up ranged from 3 to 228 months (mean 8.5 years, median 37 months). Only 3 patients were followed up for less than 12 months; they had changed addresses and could not be contacted. All 3 were completely symptom-free when last seen. No other patients missed the planned follow-up.
In the long-term, excellent or good results were noted on 26 sides (87%); in each case subjective improvement was recorded in the immediate postoperative period. Only one patient in the cervical rib/band resection category did not have an excellent or good result. This patient had undergone exploration of the posterior triangle of neck in an attempt to remove a lump 17 years ago elsewhere, leading to considerable scarring. He also had an axillosubclavian aneurysm requiring prosthetic grafting and was found to have partial graft occlusion (with good collateral circulation) on follow-up. He subsequently developed severe cervical spondylosis and frozen shoulders, and these factors may have contributed to an unsatisfactory outcome. Of the 3 patients with upper plexus neurogenic TOS, the 2 treated by anterior scalenectomy alone had fair results and the one treated by anterior and middle scalenectomy had a poor result. 24 patients (89%) returned to their previous lifestyle or occupation. All these patients reported improved grip strength and manual dexterity, and increased tactile and thermal perception. Only 3 patients would have declined another operation for the amount of improvement they gained. The minor complications included one case of hypertrophic scar following resection of an exostosis from the second rib via an infraclavicular approach. This patient had returned prematurely to heavy manual work contrary to medical advice. 5 patients were found to have infraclavicular anaesthesia but were not bothered by it. The residual portion of the cervical rib did not seem to cause any long-term problems.
DISCUSSION
In the UK, published series suggest that cervical ribs are present in 25-100% of cases diagnosed as TOS12-11 I in our series only 11 % of the patients gave such a history and this was in accordance with earlier work from the UK4"16'20. While occupational predisposition, as noted in 55.6% of our patients, has been reported earlier21'22 this did not seem to adversely affect the outcome of the operation as it did in other series23'24.
The outcome of surgical decompression of TOS is difficult to assess in the absence of satisfactory objective tests for comparing preoperative and postoperative states4. Some patients who were reported by their surgeons to have improved have subsequently been described by others as not having been helped by surgery25. To reduce this bias we used an independent observer to assess the outcome, as suggested by Lepantalo et al. 24 . In addition, we tried to gauge patients' perception of the success of the operation by asking them whether they would have it again for the amount of improvement they received. The duration of follow-up was important in assessing treatment success rates, since the mean time of recurrence of symptoms is 4 months and 63% of recurrences occur within 6 months4. Only one of our patients was followed up less than 6 months and 3 for less than 12 months.
What about surgical technique? At present, the most popular treatment methods are transaxillary first rib resection for the lower plexus and vascular types of TOS, and supraclavicular scalenectomy for the 'upper plexus', traumatic and recurrent types of TOS2'6"10X26. In 1966 Roos introduced and popularized the transaxillary route for first rib resection and this rapidly became the 'universal' operation for TOS even in the presence of cervical ribs10. However, we disagreed with those who suggest that failure to resect the first rib often results in incomplete decompression of the neurovascular bundle with inferior results16'17'27. We were not alone6"12'28 in believing that equally good results are achievable with scalenectomy, and that first rib resection merely increases the risk of nerve injury and postoperative morbidity. Moreover, the high success rates from first rib resection have deteriorated with time and failures of up to 41% have been reported24'27. The disadvantages of the transaxillary route include difficulty in seeing congenital fibromuscular bands (which are most often medial to the first rib and obscured by the neurovascular bundle) and difficulty in doing arterial reconstructions when required4. In view of the wide range of possible anatomical causes of symptoms in these cases, we felt that exploration of the structures through a supraclavicular route was safer and more logical than resection of the first rib through the axillal2,28. The main advantages of the supraclavicular route were: an excellent view of the structures in the thoracic outlet with wide exposure4; the ability to perform arterial reconstruction if needed4'29; lower incidence of nerve injury19; and adequacy of decompression more easily assessed30. A possible cause of failure of the supraclavicular route was a residual bony promontory on the first thoracic rib related to the JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Volume 92 May 1 999 articulation with a complete cervical rib29. Other objections to this approach are a high risk of injury to thoracic duct, neurovascular bundle, and especially the phrenic nerve22.
Our experience with scalenectomy alone, in the 3 patients with 'upper plexus' type TOS was not as satisfactory as that of Sanders6 16. Both the patients who underwent anterior scalenectomy alone later developed bilateral carpal tunnel syndrome and their symptoms improved somewhat after carpal tunnel decompression. The third patient who underwent anterior and middle scalenectomy did not improve at all and magnetic resonance imaging performed 19 years after the initial operation revealed severe multilevel cervical disc degeneration. This has emphasized the importance of investigations for coexisting 'double crush' lesions at and below the thoracic outlet a known reason for incomplete success. Admittedly we did not routinely perform a middle scalenectomy in addition to anterior scalenectomy, as advocated by Sanders6. It was also possible that the amount of scalene muscle excised by us was inadequate, since excision of 80-90% of the anterior scalene and 40-50% of the middle scalene muscle has been recommended26. We have found magnetic resonance imaging a useful diagnostic tool since it can reveal deviation/distortion of neurovascular structures at the thoracic outlet besides suggesting the presence of radiographically invisible bands and other causes of TOS or conditions mimicking it (cervical disc, cervical stenosis and syringomyelia)20.
Another factor that may have contributed to our low complication rate was that we did a minimum of dissection while ensuring that on completion of the procedure the neurovascular bundle lay freely and dropped downward away from the overlying structures. In particular, we resected only the middle third of the cervical rib subperiosteally. A subperiosteal resection of the rib allowed easier separation of the intercostals and less bleeding; however, there is the possibility that reossification in the periosteal bed will lead to recurrent symptoms4, even though none were recorded in our series.
Our results have shown that the two-surgeon approach was effective and safe. The only complications were minor and non-disabling. The infraclavicular anaesthesia, due to damage to the supraclavicular nerve during dissection, has been reported by earlier operators27 using the supraclavicular route and can be regarded as a sign rather than a symptom. The advantages of the multidisciplinary approach in this series were that three experts with different viewpoints reviewed each patient; assistance at operation was first class; confidence was enhanced since the active surgeon always dealt with familiar tissue in an area of complex anatomy; operating time was short (20 minutes); and the complication and long-term recurrence rates were lower than those previously reported3'6. The disadvantages were that the patient needed outpatient appointments with three different consultants before a decision could be made regarding operation; that an extra surgeon was involved; and that the organization for both surgeons to be free at the same time was difficult.
In our opinion, the advantages of the multidisciplinary approach outweighed the disadvantages, and contributed to the favourable long-term outcome. Instead of the current practice of routine transaxillary first rib resection, we recommend decompression via the supraclavicular route, with further procedures tailored to the abnormality identified and avoidance of first rib resection.
